INFLUENCE OF HIGH-TEMPERATURE STRUCTURALANDTEXTURALPROPERTIES
The objectives of the present work were to better understand the impact of hightemperature (HT) drying on starch and protein and on the structural and textural properties of dried and cooked pasta.
Pasta was prepared from durum wheat semolina into the shape of spaghetti on a pilot plant installation. The drying conditions were selected in such a way that the HT phase at 80 or 100 'C was applied at high (27 g/l 00 g wb), intermediate (20 g/l 00 g wb), or low (15 g/l 00 g wb) product moisture content. Spaghetti dried at 55 "C (LT drying) served as reference. The changes in the starch and protein fraction during drying and cooking were followed by different physicochemical methods, microscopy and textural measurements. Furthermore, a starch-water state diagram of semolina was developed based on differential scanning calorimetry.
In the starch fraction, LT drying of pasta induced a partial melting of starch crystallites. In contrast, HT drying increased the thermostability of the starch fraction as revealed by an increased gelatinization temperature. The results suggest that HI drying favors an annealing of starch at limited moisture conditions, most probably caused by an increase of the double-helical order. This assumption is supported by the finding that neither the long-range order (polarized-light microscopy), nor the crystallinity of starch (X-ray diffraction) was significantly altered.
In the protein fraction only limited denaturation occurred during LT drying. In contrast, HT drying led to a stronger denaturation of the gluten proteins as manifested by a lower extractability of glutenin and gliadin. This heat-induced reduction of the extractability of the storage proteins is caused by an aggregation of the protein molecules. At the macroscopic level, HT drying had an influence on the surface characteristics and the mechanical properties. HT dried pasta VIII Summary exhibited a smoother and more compact surface and a higher breaking strength than LT dried pasta, which is possibly due to a stronger contraction of the protein matrix. It is postulated that the formation of a tight protein network improves the embedding of the starch granules on the surface and results in a stronger adhesion between starch and protein.
Cooking of pasta is controlled by the penetration of water into the pasta strand.
Diffusion measurements (magnetic resonance imaging) showed that the hydration level and the mobility of water decreased towards the center of the pasta strand. In LT dried spaghetti, the extensive swelling of the starch granules promoted the disruption of the protein network (confocal laser scanning microscopy). A phase inversion occurred during cooking, since the continuous protein phase became the dispersed phase while the opposite was true for the starch fraction. In contrast, HT drying hindered an extensive swelling of the starch granules, which, in turn, promoted the coagulated protein fraction to form an extensively "cross-linked" network which remained continuous in the outer layer.
If the HT phase was applied at high product moisture content the slight starch swelling, which was induced during drying, decreased the continuity and strength of the protein network. This led to a bicontinuous starch and protein network in the outer layer of the pasta strand. Furthermore, HT drying reduced the amount of starch on the surface of cooked pasta and cooking loss. Regardless whether pasta was dried with or without HT phase, the core of the cooked pasta was dominated by the properties of the continuous protein fraction.
Textural measurements and cooking analyses showed that HT drying led to an overall improvement of the pasta cooking quality. Pasta dried with a HT phase at low product moisture resulted in most favorable cooking properties, i.e. high firmness and low stickiness, while pasta dried with a HT phase at high product moisture had only slightly better cooking properties than LT dried pasta.
It is postulated that drying conditions which promote protein denaturation but hinder starch swelling positively affect pasta cooking quality. These conditions are met with HT drying at low product moisture. Therefore, the onset of the HT phase between 80 and 100 "C should be delayed until the product moisture is reduced to below 15 g/l00 g wb. 
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